Introduction
Novozym 234 (Novo lndustri A/S, Bagsraerd, Denmark) is a comparatively cheap and highly effective commercial preparation, derived from the fungus 7richoderma harziunum, which is used for the enzymic degradation of the cell wall in many yeasts and filamentous fungi in order to release protoplasts [ 1, 21. The factors involved in protoplast isolation using this system have been investigated by Collings et al. [3] . The regeneration of the protoplast cell wall and concomitant reversion to normal growth and morphology is a prerequisite for fusion and transformation studies. Factors affecting the regeneration of such Novozym 234-prepared protoplasts are addressed here.
Materials and merhods
Saccharomyces cerevisiae strains JJ 1 A and X2 180 1 A. and petite mutants strains, GOB3 and GOB4. derived from the latter strain by ethidium bromide mutagenesis. were used in this study. Protoplast isolation and regeneration was carried out on exponential phase cells as described by Dempsey [4] . Cells (2 x 10') were incubated for 30 min at 30°C in 6.2 ml of protoplasting medium (6 ml of 0.05 MTris-HCI buffer, pH 7.4/0.0 1 M-MgSO, 1.2 M-sorbitol, 1.5 mg of Novozym 234/ml, 0.1 ml of SUC d'lfelix pomutia (snail's juice; SHP), 0 . 1 ml of 1 M-2-mercaptoethanol). For regeneration, approx. 10' protoplasts were inoculated into 1 0 ml of molten (45°C) stabilized YEPD 1% Yeast Extract (Oxoid), 2% D-glucose (BDH), 2% Bactopeptone (Difco). 3% (w/v) Bacto agar (Difco), 1.2 ~-sorbitol] and overlaid on to 10 ml of solidified YEPD. The plates were then incubated at 30°C for 3 days.
Proteins were analysed electrophoretically by reducing SDS/polyacrylamide-gel electrophoresis (PAGE) by the method of Laemmli [S] as modified by Hames 161, and by agarose gel isoelectric focusing (IEF; Agarose IEF. Pharmacia Fine Chemicals, Uppsala, Sweden) as described in the manufacturer's instruction pamphlet. Proteinase activity was detected on unfixed agarose IEF gels by a milk overlay zymogram. The milk overlay consisted of 1% (w/v) Bacto agar (Difco) and 1.5n/o (w/v) Skim Milk (Oxoid) poured over the gel at 48°C and incubated at 30°C until a clearing appeared, usually after 3 h. Carbohydrates were detected o n gels by staining with the periodic acid/Schiff (PAS) method. After SDS/PAGE the gel was fixed, washed in water and then steeped in 1% (v/v) periodic acid for 15 rnin followed by washing in water for 5 min and then treating with 200 ml of Schiff's reagent for 45 min. Washing in running tap water enhanced the staining. lon-exchange chromatography was performed on a dialysed ammonium sulphate-derived Novozym 234 fraction. The sample consisted of 10 mg of protein in 1 ml of starting buffer applied to a DEAE Biogel A column (1.6 cm x 30 cm) and eluted at 20 ml/h by consecutive gradients: 0.1 M-Tris-HCl (pH 8) to 0.5 M-Tris-HCI (pH 7.5) for 150 ml, then 0.5 M-Tris-HCl (pH 7 . 5 ) to 1 MTris-HCI (pH 7) for 300 ml.
Abbreviations used: SHP. Suc d 'Helix pornrtricr (snail's juice); PAGE, polyacrylamide-gel electrophoresis; IEF. isoelectric focusing; PAS, periodic acid/Schiff stain.
Resirlts and ri'iscirssion
Protoplast regeneration. Protoplasts isolated from S. cerevisiue strains and perire mutants of this strain using a Novozym 234-based protoplasting medium were found t o have poor and highly variable regeneration frequencies. Much of the variation was shown to be attributable to the time-lapse between protoplast isolation and subsequent embedding in stabilized regeneration medium. Regeneration rates were enhanced by decreasing the Novozym 234 concentration and omitting the thiol-reducing reagent, 2-mercaptoethanol, from the protoplasting medium. While SHP increased the rate of protoplast formation. it had little effect, unlike Novozym 234, on regeneration. Interestingly, protoplasts prepared at a pH below the optimum for Novozym 234 activity showed better regeneration rates. These studies suggested that one of more components of the enzyme preparation adversely affected the ability of the protoplasts to regenerate.
Analysis of Novozym 234. 2) . Since protoplast regeneration was found to be related to Novozym 234 concentration, batch variation has implications for regeneration. Partial purification of Novozym 234 was undertaken to improve regeneration rates by developing a protocol for the elimination of deleterious component( s) and batch variation in Novozym 234 so that reproducible results could be achieved. I'arfial purification of Novozym 234. Ammonium sulphate precipitation of Novozym 234 yielded highly active fractions at 0-30% and 30-55% saturation which when run on SDS/ PAGE were seen to retain most of the polypeptide bands but were free of background which PAS staining revealed to be carbohydrate in nature. The regeneration rates of protoplasts isolated by these fractions were not significantly better than the crude. Analysis of the ammonium sulphate fractions by agarose IEF followed by a milk agar overlay demonstrated that a particularly active cathodic proteinase was present together with other less active ones ( Fig. 1 b, lane 3) . The presence of these proteinases in the protoplasting medium would almost certainly affect proteins in the protoplast plasma membrane and could be a likely factor in the reduced ability of Novozym 234 prepared protoplasts to regenerate. The cathodic proteinase was partially purified by ion-exchange chromatography on DEAE Biogel A and was shown to have a pl of 9.25 by agarose IEF followed by the proteinase zymogram ( Fig. 1 b, lane 4) . PLP inhibits many enyzmes through Schiff base formation with e-amino groups of lysyl residues in enzyme proteins [3] . Of the other PN derivatives, only PL may form a similar complex. In the work reported here, the interactions of individual PN derivatives with platelet proteins were studied in an effort to explain the apparently similar inhibitory actions of these compounds. Platelet-rich plasma was isolated from rat blood; platelet aggregation induced by ADP and its inhibition by PN derivatives were determined as previously described [2] . Platelets washed by the method of Gerrard [4] were treated with a series of concentrations of PN derivatives (1-4 mM) in two procedures:
(1) Platelets were incubated with individual PN derivatives for 40 min at 37°C and recovered by centrifugation. The PN-derivative concentration of the supernatant solution was determined spectrophotometrically. The centrifuged platelets were osmotically lysed and centrifuged to give a supernatant solution containing the platelet cytosolic proteins. Ultrasonic disintegration of the residual pellet, resuspension in buffer and centrifugation ( 105 000 g for 6 0 min at 4"C), yielded a suspension of platelet membrane proteins. Solutions of both cytosolic and membrane proteins were scanned spectrophotometrically for absorption at 4 10-430 nm characteristic of Schiff base formation.
(2) Cytosolic and membrane protein fractions of washed platelets first isolated as described above were incubated with individual PN derivatives. Proteins were recovered by gel filtration and scanned as described above.
Platelet aggregation induced by 20 ,uM-ADP was completely inhibited by all PN derivatives at the concentrations Abbreviations used: PLP, pyridoxal 5'-phosphate; PN, pyridoxine; PL, pyridoxal; PM, pyridoxamine; PMP, pyridoxamine 5'-phosphate.
shown in parentheses: deoxypyridoxine (10 mM), PL ( 5 mM), PLP (3 mM), PM ( 7 mM), PMP (6 mM) and PN (9 mM). Aggregation was completely inhibited by the combined addition of any two of these derivatives each at half-maximal concentration.
Supernatant solutions from incubations of washed platelets in 1 mM solutions of all PN derivatives showed decrease in concentration due to their interaction with or permeation into the platelet. Except with PL and PLP, the PN derivative was recovered in two washings of the platelet pellet in buffered salt solution.
Isolated cytosolic and membrane proteins from platelets incubated with PL showed evidence of Schiff base formation with cytosolic proteins only. When platelets incubated with PLP were similarly fractionated, Schiff base formation was detected only with membrane proteins. With protein fractions from platelets disrupted before incubation with PN derivatives, adduct formation was detected only in the cytosolic proteins when PL was present, whereas when PLP was present, reaction was observed with both membrane and cytosolic proteins.
These results may be interpreted as follows. All PN derivatives examined, except PL and PLP, penetrate the platelet membrane, but as they may be removed by washing, they do not enter into covalent interaction with cell components. PL likewise passes across the platelet membrane and forms Schiff base adducts with (some) proteins in the cytosol. PLP, on the other hand, binds to membrane proteins and apparently does not gain access to the proteins of the cytosol. Complex formation by PLP with cytosolic proteins was shown to occur only after disruption of the platelet membrane.
Notwithstanding the implication of the synergism demonstrated between any two of the PN derivatives examined, the results presented here point to the probability of diverse mechanisms for the inhibition of platelet aggregation by individual PN derivatives.
